PREPARATION OF THE POROUS SUPPORTS WITH
In view of the increasing demand for stable, ion-selective sensors we have initiated a program aimed at the design of tailored thin films with selective ion exchange capabilities. In combination with highly sensitive acoustic devices, it is envisioned that inexpensive, rugged ion sensors for process and environmental monitoring can be designed.
The concept is based upon the encapsulation of oxometalate clusters in porous, sol-gel derived glasses.
The resulting materials combine selective ion exchange sites with tailored porosity, such that ultimately large fractions of unwanted species (e.g., organics, biological matter) are screened from the ion exchange sites. The following benefits are expected from this approach: The design of ion exchange composites allows independent adjustment of both ion selectivity through the choice of different oxometalates, and porosity through the choice of sol-gel chemistry.
Furthermore, the resulting inorganic films are temperature stable up to at least 300°C and not subject to fouling.
Heteropoly oxometalates such as anions with the Keggin structure are known since the last century, but their crystal structure was first solved by Keggin in 1934. Figure 1 depicts the Keggin anion structure and a defect structure with one M06 octahedron missing. These materials find numerous applications in catalysis, analytical chemistry and biochemical or medical areas. Their ability to exchange their counter cation for alkali ions was first recognized by Smit 1 and has since been used in column chromatography and in paper chromatography. Keggin ions have been used to exchange alkali cations as well as radioactive pollutants. General reviews are available. 2 b) Ammonium 12-phosphotungstate (AWP) (NH4)3PW1204o. Sodium tungstate is insoluble in acid solutions and forms a thick white precipitate when acidified with HNO3. Thus, 10 ml WO4 2 -and 0.9 ml 1 Μ NaOH and 0.9 ml of 1 Μ H3PO4 are combined, followed by addition of 2.5 ml ΝΗ4ΝΟ3 at pH 7 and acidification to pH 1.5. AWP precipitates as a white solid (yield 92%). The corresponding white silver salt is prepared by adding AgN03 before acidification (Yield 50%).
c) Assembly of AMP within pores of aerogels. To a slurry of 1g TEOS-derived B2-Aerogel (pore size 10-500 A) in 10 ml H2O, 4 ml of 1 Μ Na2Mo04 and 2 ml of 13 Μ Η Ν 03 are added. The slurry is stirred for 10 minutes before adding 0.33 ml of 1 Μ H3PO4, and finally, 1 ml of 1 Μ ΝΗ4ΝΟ3. A green color resulting from reduction of the AMP was reversed to yellow upon adding 2 ml 30% H2O2. After filtration the yellow solid was dried at 85°C. 
Inclusion of Keggin ions in preformed aerogel
The preparation of oxometalates in preformed glasses resulted in a loading of ca. 8 wt% Mo in B2-aerogel and a yellow color indicated formation of AMP. The IR spectrum is shown in Figure 2 
ion exchange
The bulk oxometalates were ion exchanged with rubidium and silver by offering stoichiometric amounts of the cations at room temperature. AMP, AWP and the respective silver salt exchange under these conditions 50% of their cations for rubudium, while AMP and AWP exchanged only 12-15 % of their ammonium ions for silver. However, a 100% exchange is achieved upon offering excess of silver nitrate. When silver salts of the molybdenum and tungsten Keggin ions were exposed to ammonium ions, back-exchange to the ammonium form occured for AgMP up to 92% and for AgWP up to 54% in a 3 Μ NH4NO3 solution.
The glass composites exchanged larger fractions of their protons or ammonium cations, e.g., 12 -76% for Ag and 42 -92% for Rb. However, some leaching of the oxometalates was observed for all different porous glasses. Composites made with TEOS showed a loss of 30 -58% Mo or W, while glasses made from A2 solutions (TEOS + EtOH refluxed at 60 C for several hours) showed a loss from 16-35 %. The preformed aerogel lost up to 98% after two successive exchange cycles. The loss of Keggin ions is effectively suppressed in thin films of similar compositions which were found to be non-porous. Multicomponent glasses which retain porosity even in thin films are presently studied.
EXAFS analysis
EXAFS measurements were performed on the bulk oxometalates as well as on glass composites before and after ion exchange. EXAFS allows to determine the local structure around the X-ray absorbing atom of choice and can provide detailed information about bond distances, coordination numbers and types of atoms in the nearest neighbor shells. Figure 5 shows Fourier transformed molybdenum EXAFS data of the precursors AMP and HMP, overlayed with the respective composites formed with these Keggin ions. A large peak indicating the oxygen environment of the molybdenum atoms is visible between 0.5 and 2 Ä (Bond distances appear at ca. 0.5 Ä to lower bond distances due to phase shift effects). The mean bond distances obtained from X-ray diffraction are 1.70 A for the terminal oxygens, 1.92 A for oxygens bridging the molybdenum octahedra, and 2.43 A for the oxygen linked to the central phosphorus atom. The second and third shells arise from Mo-Mo bonds at 3.42 A from edge-shared octahedra and at 3.70 A from corner-shared octahedra. It can clearly be seen that precursor and glass composites have the same local structure. A quantitaitve analysis of these data is in progress.
When a HMP/TEOS composite is analyzed after rubidium exchange, the Moedge EXAFS data do not show any sign of degradation (see Figure 6 ; the imaginary parts of the Fourier transformations are shown in addition to the magnitudes. The former give valuable information about the nature of neighbors or overlap of peaks). The rubidium edge data show a large contribution around 2.5 A (uncorrected for phase shift) which indicates a Rb-0 interaction, while the peak around 3.9 A arises from the Rb-Mo bond.
This spectrum is identical to that taken from the bulk rubidium phospho molybdate and indicates that the rubidium ions occupy identical cation positions in both compounds. When fitted with adequate reference compounds a bond distance of ca. 4.4 A can be expected. To our knowledge the only complete determination for cation positions in Keggin ions is done with combined neutron-and X-ray diffraction by Brown et al. 8 Their distance of hydrated protons to molybdenum atoms agrees closely with the above observations. 
